INTRODUCTION
Although operation for goitre must now be accepted as a routine surgical procedure, there still may be difficulties associated with its performance unless meticulous attention to detail is observed. To those concerned with anaesthesia and surgery for thyroid disease the rewards in terms of interest both in the management and in the well-being of patients are as pleasing as those from any other form of clinical endeavour. Both the surgeon and the anaesthetist must have mastered those skills that are appropriate to thyroidectomy and should have complete inter-personal understanding and trust in each other's abilities.
Thyroidectomy is commonly used as part of the management of patients with:
(1) Thyroid malignancy or suspected malignancy. (2) Obstructive or potential obstructive problems in relation to the trachea, oesophagus or superior vena cava. It IS important that pnor to surgery accurate assessment is made of a patient's metabolic status, the possible mechanical effects of the goitre and the likelihood of malignancy as these influence preoperative and operative managemen t.
The capacity to make an accurate assessment of thyroid function and to produce a euthyroid state in patients under our direct care, from the Thyroid Unit at The Royal North Shore Hospital, has been vital to the maintenance of a low rate of postoperative morbidity, and since 1962 we have had no deaths directly associated with thyroid surgery.
INVESTIGATION OF THE PATIENT WITH
THYROID DISEASE Anaesthesia in a patient with diagnosed thyroid dysfunction after carefully planned therapy is straightforward. However, in cases of unsuspected or acute thyroid dysfunction a significant danger exists and the anaesthetist must be able to recognize these cases and instigate appropriate therapy. An experienced clinician can only expect to make an accurate diagnosis of a patient's metabolic status in 85 per cent of cases (Thomas, Hales and Reeve 1964) , and even in the presence of a clear-cut clinical picture confirmation of the metabolic status should be obtained bv laboratory investigation. The principles o( the parameters of thyroid function that we study in our patients suspected of having thyroid disease are the measurements of thyroidal accumulation et radioiodine (Oddie, Mescham and Worthan 1955) , circulating levels of thyroid hormones utilizing the P.B.!. (Radcliff et al. 1964 ),1'3 resin uptake and total serum T 4 (Hales, Stiel and Thomas 1972) and of the state of the thyroid-pituitary axis with T3 (Hales et al. 1961) or T 4 (Oddie et al. 1\)60) suppression or thyrotrophin stimulation. Additional informati(in as to the size, site and function of the goitre may be obtained by radio iodine or pertechnetate scan.
It is important in our assessment of other organ systems to pay particular attention to the following factors :
(1) The recognition of cardiac involvement, especially atrial fibrillation, heart failure or ischaemic heart disease. (2) The assessment of the state of the airway and respiratory function by clinical examination, indirect laryngoscopy and, if indicated, X-rays of the thoracic inlet, and respiratory function tests. It is important for the anaesthetist to know the degree of angulation or compression of the trachea and also the site of tracheal obstruction, as this may influence his choice of anaesthetic technique and the type and length of endotracheal tube. A history of increasing or postural dyspnoea is significant, and distortion of the larynx, compression or angulation of the trachea or rarely obstruction in the mouth or pharynx must be excluded. Indirect laryngoscopy is always performed preoperatively to document the functional state of the larynx prior to surgery. unsuspected vocal cord paralysis may be found. If hoarseness is present, then cord dysfunction is more likely to be present, and this may be due to previous thyroid surgery, pressure on the recurrent laryngeal nerve, or involvement of the nerve with malignancy.
(3) The detection of other complicaticns of thyroid dysfunction, especially myopathy or exophthalmos. (4) Intercurrent drug therapy, especially adrenergic blocking agents, sedatives or steroids and drug hypersensitivity.
PREPARATION FOR ANAESTHESIA AND SURGERY THYROTOXICOSIS
In thyrotoxicosis, the euthyroid state is usually achieved by carefully planned treatment with anti-thyroid drugs, either carbimazole or propylthiouracil .
Review is necessary at regular intervals until thyroidectomy is performed. For best results the patient should be euthyroid for at least one month prior to surgery and adequate control is rarely obtained with less than eight weeks' treatment.
In some patients control may be difficult, or rapid control may be necessary. If meticulous spacing of drug dosage is unsatisfactory, the addition of Lugol's iodine, 10 drops in milk three times a day by mouth, is helpful and may be used as an adjuvant for a long period if necessary.. The maximal response is seen over a 10-12-day period, but significant dampening of thyroid activity has been observed for a prolonged period.
If even more control is needed, adrenergic blocking agents can be employed. In our experience reserpine has been found to be very effective in achieving final control, and recently specific ~ blockade with propranalol or practalol has been advocated (Pimstone and Joffe 1970) . Reserpine 1·25 mg intramuscularly or 2·5 mg orally eighth hourly, propranalol 40 mg eighth hourly, or practalol 100 mg twelfth hourly are the usual dosage regimes, but these must be tailored to the clinical situation (Reeve 1971) .
It is usually wise to admit those patients who require adjuvant therapy to hospital for final control. The dosage of anti-thyroid drugs and adjuvant therapy should be carefully tailored to patients' requirements, and both should be continued until time of surgery. In our experience no adverse effects have occurred during anaesthesia with the use of ~ blockade using the techniques to be described. The agent utilized should be continued for at least one week postoperatively (Pimstone and .T offe 1970).
PREOPERATIVE ASSESSMENT
The final decision that a patient is ready for operation is not necessarily straightforward and should be made by the anaesthetist, surgeon and physician in consultation. A stable gland with no bruit, cool palms, a pulse rate less than 90 per minute, a sleeping pulse below 80 per minute, stable weight and equanimity are the criteria to be achieved. Where applicable, one desires the degree of exophthalmos to be stable.
Some aspects of management require special consideration.
PREGNANCY
In pregnancy, the therapeutic regime is similar to that used for the non-pregnant patient, but extreme care must be taken to ensure that hypothyroidism does not occur at any stage. If control is difficult, there should be little hesitation in admitting the patient to hospital. We feel that the treatment of choice in most cases is initial control with anti-thyroid drugs, followed by thyroidectomy during the second trimester. This is recommended because of the problems of increased risk of abortion in the first and premature labour in the third trimester. It is possible to adequately manage Anaesthesia and Intensive Care, Vol. I, No. 3, February, l!J73 D the patient on anti-thyroid drugs throughout pregnancy, but if this is not carefully supervised there can be added problems of difficult control prior to parturition and of foetal goitre.
THYROID SnlInr
Thvroid storm ma\' occur if thyrotoxicosis is unsuspected or inn;mpletcly controlled. The principles of management are the use of antithyroid adjuvant therapy, supportive trcatnlcnt and steroids. If the patient is not vcmiting, oral neomercazole, 10 mg. fourth hourly (or equivalent doses of prop\·lthiouracil) followed by Lugol's iodine is used. If intravenous tIJerap\' is required, a continuous infusion of sodium iodide I·:! gm I:!-hourly ma~" he administered after organic or adrenergic blockade is established. Other adjuvant therap~' is similar to that previously described with tailored intravenous or oral doses. Supportive measures include the replacement of fluid and electrolyte loss, the reduction of hyperthermia, oxygen therapy and alleviation of nervous tension and apprehension with sedation. Th~Toid storm may precipitate cardiac failure, which if it cloes not respond to i3 blockade should be treated in the usual way. Corticosteroid:; are also used empiricall~' \\'ith the rationale of jlossible secondary adrenal cxhaustion during crisis.
:\1 Y XOEDHI.\ H~'pothyroidislll only affects anaesthesia when severe, but coma and cardiac arr\·thmias, failure or even infarction may be precipitated (Abbott 19 (9) . If surger~' is clecti\"e, and particularly in the elderl~' hypoth~'roid patient, it is preferable to commence with a small dose of thyroxine (0' Of) mg daily) and increase the dose graduall~' with similar increments to full replacement doses of O':!-O'3mg per da\·. If surgery is urgent, triiodoth yronine should be used, commencing with :!.;;-f) (J-g daily increasing, again gradually, by increments to replacement doses of t'lO (J,g. dail\·. It is not necessar~' to reach full replacement doses prior to surgery, and depending on the urgency of surgery initial doses (5 [J.g I :2-hourly) may be given by intravenous infusion. A cortisone cover is also advisable as a rapid return to normal metabolism has been postulated to cause acute adrenocortical failure (Perlmutter I\W;{) . PHE:\IEDIC.\ TIO:\" \Vhen the previousl\' mentioned factors in the patient who is to have thyroidectomy have been assessed, premedication may be ordered. No particular lines are followed in this lTnit, and the anaesthetist's own preferences are observed. This is usually a narcotic combined with an anti-sialogogue. "
Some patients with thyrotoxicosis being treated with large amounts of medication may, however, require a heavier dose in relation to their weight.
It is well known that patients with }l\'po-th\Toidism ma\, exhibit excessivt' sensitivit\" to n,lrcotic agent~, and hence the dose of these agenb should be reduced.
Similar remarks would apph' to the patient with severe airways obstruction, and narcotics should 1)(' a voidc'd ill this situatioll (l'apper I%:!).
AXAESTHESL\
In general terms, the anaesthetist should ensure that the patient for th\Toidectom\" is correcth" postured, that a dear airwa:,'" is maintained, that the patient be rendered analgesic, that cardio-pulmonar..,. function be preserved and that there be minimal disturbance to other physiological parameters (Selenkow and Hollander ] 96;3).
Our experience over the past decade suggests that best results are obtained where the anaesthetist is experienced in this lleld, endotracheal anaesthesia is employed in all cases (Hercus 1 11tH), and a sound understanding exists between anaesthetist and surgeon. The latter is particularlv important as the anaesthetist's accessibility to the patient can bp hampered by surgical drapes.
Anaesthesia while the patient is recelvmg reserpine or [:I-blocking drugs has not posed all \. difficulties in our experience.
Our usual practice is to give the appropriate dose of thiopentone followed by a nondepolarizing relaxant injected into an intravenous infusion with intubation when conditions are appropriate. Gallamine triethiodide is usually not used in previously toxic patients as its effect on the pulse rate ma~' mask an impending thyroid storm.
(:!) Presence of Obstruction l~nder these circulllstances thiopentone and muscle relaxants are contraindicated until the certainty of visualizing the larynx and the ability to overcome an\" tracheal obstruction hayc been assured.
It is the practice in this Unit to employ awake intubation with the aid of topical analgesia to the mucous membranes of the upper airway unless obstruction is minimal.
The particular clinical situations in which this technique is employed (Barron 1959) are recurrent laryngeal nerve damage, sudden haemorrhage into a pre-existent adenoma, some cases of thyroid carcinoma, postoperative haemorrhage and laryngeal oedema.
Where obstructive symptoms are less marked, or develop only when the patient is postured in a particular way, or in instances where there are no symptoms but evidence on X-ray and indirect laryngoscopy of tracheal distortion or laryngeal displacement, an inhalational technique of oxygen, nitrous oxide and halothane, and possibly ether, is employed and a suitable endotracheal tube inserted when anaesthesia is of a suitable depth.
When these measures are employed, it is imperative to have a wide selection of endotracheal tube sizes and types to hand, and occasionally in severe cases use of the intubating bronchoscope may be necessary (Mansfield 1957) .
Caution m the presence of obstructive symptoms cannot be over-emphasized as emergency tracheostomy in the presence of a large goitre may not be feasible. When marked tracheal obstruction is present anaesthesia should be induced in the operating theatre with the surgeon scrubbed and ready to rapidly release pressure from the trachea. INTUBATION From our experience of some 2,300 thyroidectomies in the past 16 years, 2,000 being performed in the past nine years (all of which have been intubated) we advocate intubation in every case of thyroidectomy. This is supported by Lee (1956) and Hercus (1961) . We feel that particularly in training institutions there is greater safety for patient and peace of mind on the part of the anaesthetist and the surgeon. The high incidence of laryngospasm seen in the non-intubated patient, together with the uncertainty of the airway and difficulty of access, far outweigh the rare and minor problems associated with intubation (Werner 1953) .
We favour the use of an armoured cuffed flexo-nylon type of orotracheal tube placed gently in situ under direct vision at direct laryngoscopy and use a size such that some inflation of the cuff is required to stop a small gas leak on intubation.
This type of tu be will mould well to any tracheal compression and tends to avoid the problems seen with tubes of the Oxford design such as occlusion of the bevelled end of the tube against the tracheal wall. An endotracheal tube of sufficient length to pass beyond the most distal point of obstruction should be used.
At the time of intubation the larynx is either sprayed with local anaesthetic or smeared with anaesthetic ointment via the tube.
MAINTENANCE OF ANAESTHESIA
The most satisfactory maintenance of anaesthesia would appear to be oxygen nitrous oxide, relaxant and moderate hyperventilation (James 1970). Some fornl of supplement IS commonly required, particularly in patients with thyrotoxicosis, and here supplemental thiopentone, narcotic analgesics and halothane or methoxyflurane have been used successfully.
It is our practice to infiltrate the subcutaneous tissue of the neck of controlled thyrotoxic patients with saline and use up to 20 ml. of xylocaine, O· 25 per cent in 1/600,000 adrenalin solution for non-toxic cases.
However, Bird (1969) has shown that satisfactory anaesthesia is possible with controlled ventilation in treated toxic and non-toxic patients even in the presence of infiltration of the neck tissues with solutions containing 1 in 200,000 adrenaline.
Further doses of muscle relaxant are frequently required and it is important that any coughing or straining on the endotracheal tube be minimized. Movement of the larynx increases the technical difficulty for the surgeon, increases the risk of laryngeal trauma by the endotracheal tube, and adds the possible risk of pneumothorax (Hercus ] 961).
An intravenous infusion is set up in the arm prior to induction and further drugs are injected as required through an injection site situated near the patient's feet.
In toxic patients who have been at all difficult to control sodium iodide l' 25 gm. is added to each litre flask of intravenous fluid.
MONITORING
The pulse, blood pressure, and clinical state of oxygenation are routinely monitored.
The electrocardiograph and temperature may also be included, particularly in those cases whose control has been prolonged and difficult and thyroid storm is feared.
In all cases the blood loss is monitored gravimetrically and 500 ml of whole blood is routinely J. L. HODIES ET AL. cross-matched for this operation unless more extensive surgery than routine thyroidectomy is planned.
The importance of monitoring these patients in addition to the usual anaesthetic reasons is the detection by rise in pulse rate, reduced pulse pressure, rise in temperature and electrocardiograph changes of threatened intraoperative thyroid crisis.
POSTUlm
Suitable posturing is important for surgical access and aids in obtain a symmetrical and cosmetically acceptable scar. .
For this reason the head is extended by placing a small sandbag beneath the shoulders, ensuring, however, that the occiput remains supported to avoid cervical neuralgia. The arms are placed by the side and secured, avoiding hunching of the shoulders and protecting the ulnar nerves at the elbow, where they may be vulnerable to pressure.
The hands are carefulh' isolated from the diathermy plate.
. Particular attention must be directed to the patient's e~'es, which are hidden under the drapes, as the cornea is liable to damage, particularly becarse 0+ the frequenc\' of proptosis, exophthalmos and lid retraction in these patients.
Furthermore, some padding should be inserted between the p8tient's forehead and the endotracheal tube adaptor to avoid pressure on the supraorbital nerve.
COXCIXSlON OF ANAESTHESIA
At the conclusion of the operative procedure, residual neuromuscular paraly'sis is re\'ersed in the usual way, and with the patient conscious and ventilating spontaneously the endotracheal tube is withdrawn and direct laryngoscopy is performed. The larynx and the cords and their range of movement are inspected to detect laryngeal oedema or cord dysfunction which could lead to respiratory problems.
The patient is then transferred to the postoperative recovery area, where supplemental oxygen is administered, and as soon as practicable the patient is placed in the sitting position. Close nursing superV1SlOn by appropriately trained staff during the first postoperative night is essential.
REGIOXAL AXAESTHFSIA
In our experience local anaesthetic techniques have little application in the teaching hospital for use with th\Toidectolll\', although they are widely used in other parts of the world where expert anaesthetic services arc not as readily available (Goulston 1971) .
POSTOPERATIVE COl\IPLICA TIONS
The common serious complications occurring in the immediate postoperative period which are of relevance to the anaesthetist as well as the surgeon are listed in Table 1 . As can be seen, there were no cases of thyroid storm or tracheal collapse in this series and cardiac irregularities or myocardial infarction did not present in the postoperative period.
Recurrent laryngeal nerve injury causing vocal cord paralysis is a hazard which is of utmost concern to both the thyroid surgeon and anaesthetist. It is widely accepted by many that identification of the recurrent laryngeal nerves at operation results in a lower rate of nerve injury and it is our practice to identify the recurrent laryngeal nerve if any part of that lobe of the thyroid gland is to be resected. There were no cases of permanent vocal cord paralysis and only two cases (1 per cent) of transient paralysis. This compares favourably with previous series reported from this unit, 1 . ~ per cent in 1966 (Reeve et al. 1966 ) and o per cent in 1969 (Reeve et al. 1969 ) and those of other workers who expose the nerve in all cases.
Although not a substitute for subsequent indirect laryngoscopy, the anaesthetist should, if possible, observe the vocal cords at the conclusion of the operation, as it is most useful to he warned of laryngeal oedema or cord dysfunction which may cause respiratory' embarrassment postoperatively.
Laryngeal oedema has not been a problem and was seen in onlv one case in which tracheostomy was perforn{ed in association with total thyroidectomv and bilateral neck dissection for th~Toid carci~oma. Minimal vocal cord injurY' occurred in 12 patients, and in spite of all patients being intubated, no serious vocal cord injuries were seen, although an occasional vocal cord granuloma has been noted in other cases. Reactionary or secondary haemorrhage into the neck may cause respiratory embarrassment, significant blood loss, unsightly haematoma, and predispose to wound infection. Surgical intervention, re intubation and/or tracheostomy may be necessary. If significant haematoma occurs, the patient may notice increasing discomfort in the neck, difficulty in breathing, voice changes and may become increasingly agitated. The wound should be opened immediately to release pressure on the trachea '1/Ore Hospital Thyroid Unit from 30th june, 11J71, to 16th Februarl', 1!17: ! and the patient returned to the operating theatre for wound exploration and haemostasis. Intubation in these circumstances may be very difficult and it is our usual practice to intubate these patients awake with a suitably sized endotracheal tube, which may be smaller in size than that previously used. The oedema of the vocal cords and surrounding tissues would seem to be time-dependant, and if significant reactionary haemorrhage occurs no time should be wasted. Crgent tracheostomy or tracheostomy at the end of re-exploration of the neck may be necessary. We feel that the use of suction drainage has significantly reduced postoperative bleeding problems as can be seen by the small number of wound haematomas in the current series. It is possible that acute cardio-respiratory collapse may occur during thyroid surgery due to air embolism through unsecured cut ends of anterior neck veins, external jugular or internal total thyroidectomy. Initial surgery performed in another unit );ine hyperaemia, three mildly swollen. !J 200 jugular veins. Certain surgical techniques are used to minimize the chance of this happening: the position of the external jugular veins are marked on the skin prior to surgery and the collar incision is kept witl:tin these lateral marks. The skin flaps are raised at a level superficial to the anterior neck veins, and these are secured individually between haemostats. The position of the internal jugular vein is marked by attaching a haemostat to the tendinous portion of the omohyoid, which overlies the internal jugular vein in the neck behind the sternomastoid. This is done before the strap muscles are divided and is a guide to the safe extent of dissection at this level. Traction en the common carotid artery should be avoided during surgery as this may rarely cause sudden slowing of the pulse and cardiac irregularities.
Pneumothorax is a possible complication following removal of a retrosternal goitre. "Ve AI/aesthesia and Illtcllsive Care, Vol. I, So. 3, February, 1973 have IIot had this probkm, but if thi" does occur it should he treated in till' usual wa\' with under-\yater tuhe drainage of the cllest" and suction drainage of the neck \Y(mnd.
Sternal ~plit to facilitate remO\'al of intrathoracic goitre ha,; not been IllTcSSan' in our hamb since l!1;")7 clue to the surgical techniques used (l\eeY(' EI7:!).
_-\s mentioned previou,;l\', corneal damage should be prc\'entecl h\' adequate protectiYe measures, such as taping the e\"t'lids shut or applying vase line gauze prior to draping of the patient.
H \'poparath\ToidisIll ma\' occur after any thnoidectoIll\', but paticnb most likely to suffer froIll tetam' are those ha\'ing total th\Toi(ledoIl1\' for th\Toid canCl'r or th\Totoxicosis.
Total th\Toidectomy hall lJeen perforn1l'(i in five of otlr patients" who showed some degree of hypoparatll\Toidism, two of these heing completion th\Toideciomies following initial surgen' at other units, The anaesthetist 111,1\' be called upon to treat tetany in the immcdiate postoperati\'e period and sltoul<llw ,m"are that tetanv ma\' result from respirator\' alb'losis due to o\"(:r-zcllous assisted \'entilation. Paraesthesia, cramp,;, mental disturhances and ran'h' stridor or parox\'smal respiraton' distres..; frolll lan'ngeal spasm should alert the attending anaesthetist or surgeon of the possihility of hvpocalcaemia, which can he contirmed !l\' the elicitation of positive Trousseau and Chyostck sign,;. ,\ ,;erulll calcium should he performed to e,;tahli,;h h\'pocakaemia and then 10 m!. of 10 per cent calcium gluconate admini,;tercd 1)\' ,;low intravenous injection, This can lw repeated if svmptollls recur. L'sualh' hypocalcaemia is transic'nt, hut may persist, requiring treatment with vitamin D ,md/or calcium supplel1lenb. Sertllll calcium levels should he checke(l in the immediate postoperative period in cn'n' patient and monitored if treatment is required as individual rCfJuirements necd to he assessed.
Postoperati\'e complications of a11\' type can he minimized, particularh' in series such as ours in \\'hich greater than 30 per cent of the anaesthesia and surgen' wcre performed hv the hospital registrar staff, if the following factors are always observed.
The correct diagnosis should 1)(' made and if toxic there should he appropriate preparation with <lnti-th\Toid drugs. Expert anaesthesia is essential. High qualit\' illumination, asepsis, meticulous haemostasis and careful clisscction arc impoftant factors if the recurrent lan'ngeal nerves and parathYroid glands afe to be pre-,;efVl'd, and if at all possible patients should Ita\'e close nur,;ing supef\'ision by-appropriatd\' trained staff during their iirst postoperative night. CONCLUSION Anaesthesia for thyroidectomy can 1)(' "traightforward provided that the "anaesthetist is aware of the potential problems that can arise in the patient with thyroid disease and is proficient in the management of each of these prohlems. At the time of operation the patient should be euthyroid and with an appropriatelY prepared and a"sessed patient given good operative and resuscitation<ll facilities the anaesthetist and his surgical colleague should rarely have to face mortality in association with thyroidectomy and mor"hidity should be minimized,
